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SELENIUM AND AGRICULTURAL DRAINAGE STUDIES IN CALIFORNIA
EXECUTIVE SUMMARY

On July 1, 1985, the California Legisiature approved a State Water Resources
Control Board (State Board) study plan entitled, “"Selenium and Other Trace
Elements in California" (Study Plan). One of the Study Plan's objectives is to
conduct investigations that would complement the studies done by other State,
federal, university, and local entities. One element of the Study Plan provides
for State Board coordination of the other entities involved in activities to
help solve the selenium and drainage-related problems in California. This
annual progress report is part of the coordination element.

Studies conducted by State and federal agencies, universities, and others on the
west side of the San Joaquin Valley (Valley) during the last few years indicate
that: (1) the salt loading is increasing at a rate of about 3.3 million tons
each year; (2) the water table is rising in about 800,000 acres; and (3)
selenium has been found at concentrations greater than 50 ppb in the shallow
ground water underlying more than 200,000 acres of irrigated lands. These
studies also indicate that the long-term acceptable solution to the salinity,
waterlogging, and toxic substances problems can be achieved if the mass (salts
and water) balance can be attained and maintained in the Valley and the problems
of removal and safe disposal of toxic trace elements are resolved.

State Board Order No. 85-1 directed the California Regional Water Quality
Control Board, Central Valley Region (Central Valley Regional Board) to adopt
water quality objectives for the San Joaquin River Basin and to implement a
program to regulate agricultural drainage water discharges. A Basin Plan
Amendment adopted by the Central Valley Regional Board, states that, "The
valleywide drain to carry the salts generated by agricultural irrigation out of
the valley remains the best technical solution to the water quality problems of
the San Joaquin River and Tulare Lake Basin".

In the interim, the Central Valley Regional Board in its Program of
Implementation uses the Drainage Operation Plan (DOP) as the contro! mechanism
to reduce the drainage pollutant discharges to meet the water quality
objectives. It is expected that implementation of Best Management Practices
(BMPs) will help to reduce adverse water quality impacts. The Central Valley
Regional Board may use Waste Discharge Requirements to control the toxic trace
elements in the drainage waters if the implementation of DOPs and BMPs fails to

achieve compliance with the water quality objectives within the specified time
frame.

Some specific findings and topics discussed in this report are as follows:

1. The concentration of salts and trace elements (including selenium) in the
drainage discharges from the east side of the San Joaquin River Basin and
the Sacramento River Basin are generally Tow.

2. Reconnaissance surveys conducted on several waterfow] and wildlife refuges
in the Central Valley indicated that the water supplies to these areas were
generally low in trace elements and pesticides. However, the potential for
short-term wildlife exposure to pesticides exists in the Sacramento
National Wildlife Refuge.



The major source of selenium to the San Joaquin River is by way of Salt and
Mud Sloughs. During 1985-87, the concentration of selenium in the

San Joaquin River upstream of the Merced River occasionally exceeded

10 ppb. The concentration of selenium in Mud and Salt Sloughs frequently
exceeded 10 ppb. It is expected that implementation cf best management
practices in the west side of the Valley would result in significant water
quality improvements in the above waterbodies.

The concentration of selenium in the upper part (10-20 feet) of the
semiconfined aquifer in the west side of the San Joaquin Valley ranges from
10-50 ppb, and in the 20-150 feet layer ranges from 50-1000 ppb, and below
150 feet is less than 10 ppb.

Based on samples analyzed as part of the Toxic Substances Monitoring
Frogram, the State Mussel Watch Program, and the Selenium Verification
tudy, selenium was observed in various media collected from selected sites
in the State. Elevated levels of selenium were found in liver tissues from
birds collected at certain evaporation ponds in the Tulare Lake Basin, from
Suisun, and San Pablo Bays and in mussels collected from the San Pablo Bay.
No adverse impacts have been observed in birds from San Francisco Bay. A
U.S. Fish and Wildlife Service study including various bhird species at a
number of evaporation ponds in the San Joaquin Valley indicated an elevated
incident of embryonic deformity or low hatcha' ility when selenium in eggs
exceeded 20 ppm (dry weight). Selenium levelis in the diet exceeding

eight ppm (dry weight) affect reproduction of mallard ducks. Selenium
seems to be rapidly taken up by birds and rapidly lost once exposure ends.
The loss is particularly rapid from the liver.

Other trace elements such as arsenic, boron, vanadium, molybdenum, and
uranium have been observed in water and sediments collected from
evaporation ponds. Segregation of drainage water, optimum pond design and
management (steep slopes, removing levee vegetation, deepening ponds, and
bird hazing), and providing alternative wetlands seem to be the interim
solution for the problems associated with the disposal of agricultural
drainage water in evaporation ponds in the San Joaquin Valley.

An analysis of catfish collected from Salt and Mud Sloughs indicated
biocaccumulation of selenium but no adverse effect was observed and no
threat to human consumers exists (based on DHS health advisory levels).
San Joaquin River biotoxicity studies show that an invertebrate toxicosis
problem due to pesticides exists.

University of California research indicates that there is a potential for
cyclic use (intermittent use) of agricultural drainage water for irrigation
of vegetables. Experiments with tomatoes indicated a yield increase when
drainage water was used in a cyclic scheme. The increase in tomato yield
is attributed to the high nitrate concentrations in the drainage water.
Long-term continuous irrigation of cotton with saline water in Tulare Lake
Basin resulted in a decrease in cotton 1int and seed production. Long-term
use of high sodium saline water requires intensive management of soil.

Department of Water Resources drainage water reduction studies on the west

side of the San Joaquin Valley show promising results. Considering the
four irrigation methods studied, subsurface drip irrigation had the highest
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water use efficiency (grams of water used per kilogram of cotton lint
produced) and resulted in the highest net income to the grower. A tiered-
pricing schedule for irrigation water provided an incentive for growers to
save water. The volume of subsurface drainage water decreased by
approximately seven percent when tiered-pricing was implemented by the
Broadview Water District.

9. No economically feasible technique is currently available for treatment and
disposal of agricultural drainage waters containing selenium. However,
several promising techniques are currently being studied. Microbial
volatilization, adsorption onto iron filings, bacterial reduction,
agroforestry, and evaporation ponds are among the techniques currently
under study. Studies are being conducted to assess the efficiency and
costs of large scale use and potential long-term environmental impacts of
these treatment and disposal techniques.

10. The San Joaquin Valley Drainage Program is preparing a final report on
alternative management plans addressing agricultural drainage problems in
the San Joaquin Valley. The draft of that report was distributed for
review and comment in June 1990. Focusing on in-valley options, the
Drainage Program's Preliminary Planning Alternatives Report presented the
following options: (1) source control to reduce drainage, (2) management
of shallow ground water, (3) drainage water treatment, ?4) drainage water
reuse, (5) drainage water disposal in the Valley, (6) fish and wildlife
measures, and (7) institutional changes. The Drainage Program is scheduled
to complete its mission in September 1990.

11. The dischargers, including irrigation and drainage districts, and State and
federal agencies in the western part of the San Joaquin River Basin have
developed Drainage Operation Plans which have been reviewed for adequacy by
the Central Valley Regional Board. Various methods are proposed by the
dischargers to reduce the volume of drainage water and improve its quality,
including water conservation, tiered-pricing, improved irrigation
practices, treatment methods, and reuse of drainage water.

12.  On September 21, 1989 the State Board approved the U.S. Bureau of
Reclamation's final cleanup plan for the Kesterson Reservoir. Site
management is being implemented. Microbial and plant volatilization
techniques for removal of selenium from the contaminated sediments are
under study at the site.

Organization of the Report:

The status and findings of the State Board and the Central Valley Regional Board
studies are described in Chapter 1.

Chapter 2 of this report describes the status and findings of the San Joaquin
Valley Drainage Program and the Kesterson Program.

Chapter 3 of this report discusses the research and coordination activities by
the University of California and California State University, Fresno.

In addition to the federal and State agencies mentioned above, other federal and
State agencies and local irrigation and drainage districts have continued to
expend resources on the subject of trace elements and agricultural drainage
problems. Their activities are discussed in Chapter 4.
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This report is not meant to cover technical details of all the individual
projects by all agencies. Only examples of those activities and a brief
description of their findings are given and the readers are provided with tables
(Appendix A) identifying the title, purpose, and status of the individual
projects by various agencies. Funding levels are presented in Appendix B.
Appendix C has the litigation and legislation in 1989-90 related to selenium and
agricultural drainage subjects. Appendix D contains the names, addresses, and
phone numbers of individuals who provided background information for this
report. The references cited in this report are also provided in Appendix D.

Thus, details beyond the scope of this report may be obtained from these
sources.
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TECHNICAL SUMMARY

There are approximately 10.5 million acres (MA) of irrigated land in California.
The total volume of water used to irrigate the lands in 1983 was estimated to be
35.6 million acre feet (MAF){). The Central Valley of California includes

two smaller valleys, the Sacramento Valley (2.1 MA irrigated land) in the north

and the San Joaquin Valley (5.6 MA of irrigated lands) in the south (Figure 1).

The San Joaquin Valley extends from the Sacramento/San Joaquin Delta in the
north to the Tehachapi Mountains in the south. The San Joaquin Valley is
divided into two basins: the San Joaquin River Basin which is drained by
San Joaquin River, and the Tulare Lake Basin which is a closed basin with no
natural surface drainage water outlet. In very wet years it drains to the
San Joaquin River through Fresno Slough.

The drainage water from the western part of the San Joaquin Valley is disposed
of by discharge to the San Joaquin River or evaporation ponds. Drainage water
from the Grasslands area has been discharged to the San Joaquin River through
Salt and Mud Sloughs a few miles south of the confluence of the Merced River to
the San Joaquin River. The drainage water from Tulare Basin (portions of
Westland Water District lands) has been conveyed through San Luis Drain to
Kesterson National Wildlife Refuge ponds (during 1970-1985), has been discharged
to privately owned evaporation ponds, or has more recently been recycled.

On the average there are 2,235,000 acres of irrigable land in the western part
of the San Joaquin Valley (. The total irrigation water applied in 1988 was
6.3 MAF. Soils of the most part of the west side of the Valley are formed
through natural erosion of marine sediments in the Coast Ranges. The soils have
Tow permeability and high salinity. Ten percent of the Valley soils have
selenium concentrations greater than the naticnal median of

0.3 milligrams/kilograms (mg/Kg). The Valley median is 0.13 mg/Kg and
concentrations as high as 4.5 mg/Kg occur in alluvial-fan material derived from
erosion and weathering of the coast range rocks. Trace elements and salts are
leached from soils into the ground water as a result of intensive irrigation of
the west side soils. The net accumulation of salt in the west side is

3.3 million tons per year. The water table has risen and the concentration of
selenium and other trace elements and salts has increased in the shallow ground
water. The salt buildup and high water tables adversely affect the productivity
of California's billion dollar agricultural industry.

The San Joaquin Valley Drainage Program (20 estimates that there are

847,000 acres of land with shallow ground water within five feet from the ground
surface. Estimated problem water (subsurface agricultural drainage water with
elevated levels of selenium) for the year 2000 is 307,500 acre feet (AF) from
approximately 436,000 acres of land on the west side of the San Joaquin Valley.

! Superscript number in parenthesis denotes reference cited, see Appendix D.
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There are approximately 220,000 acres of land in the San Joaquin Valley where
the concentration of selenium in shallow ground water exceeds 50 microgram/liter
(or parts per billion (ppb)). Approximately 50,000 acres of this area have
selenium concentrations greater than 200 ppb. Potentially, adverse
environmental impacts can occur if shallow ground water containing selenium is
drained and discharged to the rivers or ponds.

Following the discovery by U.S. Fish and Wildlife Services (USFWS) researchers
) of wildlife contamination at Kesterson Reservior in 1983, State and

federal agencies initiated studies on selenium and agricultural drainage in
Californi.. The State Board's Study Plan (approved by the Legislature in 1985)
objective was to complement the studies done by other State, federal, and local
entit*es. One element of the Study Plan is coordination among all the entities
invohved in the activities to help solve the selenium and drainage related
problems. This annual progress report is part of the coordination element to
apprise ali parties involved of the state wide efforts directed towards solution
of selenium and agricultural drainage-related problems.
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Chapter 1
California State Water Resources Control Board Study Plan

1.1 - California State Water Resources Control Board (State Board)

The Budget Act of FY 1985-86 contained funds to begin the process of regulating
subsurface agricultural drainage water. General Fund appropriation for FY 1985-
86 was $2,270,000 (including 9.3 Personnel Years and funds for selenium
studies). The concept of the Subsurface Agricultural Drainage Program was
contained in the Budget Change Proposal (BCP) for FY 1986-87 and was approved by
the State Board and incorporated into the Governor's Budget. The Subsurface
Agricultural Drainage Program objective is to develop and implement a regulatory
program for all areas of California.

The multi-element Study Plan called for problem identification, problem
verification, and regulatory efforts to protect the beneficial uses of water
from potentially toxic trace elements found in subsurface agricultural drainage
waters in California. The elements of the Study Plan are:

General Qverview Studies

Verification Studies

Evaluation of Corrective Actions

Development of Objectives

Guidelines for Treatment and Disposal
Laboratory Quality Control/Quality Assurance
Regulatory Actions

Coordination/Management

OB WM =

So far, the following have been accomplished: (1) monitoring efforts have
identified sources of trace elements; (2) fish and wildlife verification impacts
have been noted; (3) appropriate water quality objectives and criteria for
certain constituents have been developed; (4) computer models as an evaluation
tool have been developed; (5) laboratory quality control/quality assurance has
been established, and (6) extensive coordination activities accomplished. The
State Board adopted water quality objectives for the San Joaquin River Basin
(the Basin Plan Amendment) in September 1989.

Having accomplished the objectives of certain elements of the Study Plan, the
Subsurface Agricultural Drainage Program as planned in the 1986-1987 BCP is
currently directed to: (1) investigate specific agricultural drainage problems
that merit further study including trace elements and constituents such as
nitrate and pesticides, (2) identify best management practices to reduce the
drainage volume and improve its quality, and (3) continue studies and monitoring
for a successful regulation of subsurface agricultural drainage.

Activities of the State Board and the Central Valley Regional Board are
presented in Sections 1.1 and 1.2 and a summary of the State Board projects are
provided in Table Al of Appendix A.



1.1.1 - Selenium and other Trace Elements in California
1.1.1.1 - General Overview Studies (Element 1)
1.1.1.1.1. - Toxic Substances Monitoring Program {TSMP)

The Toxic Substances Monitoring Program involves collecting fish samples from
throughout the State where samples are analyzed for toxic substances. Since
1985, samples have also been analyzed for selenium.

Selenium levels exceeding DHS advisory level of 2.0 parts per million (ppm) (wet
weight) were observed in fish samples collected from selected sites in 1985,
1986, and 1987. 1In 1988, a total of 63 fish samples were analyzed for selenium.
Selenitn was detected in all but four samples. The selenium level exceeded 2.0
ppm (median international standard) at only one station (Rose Drain, Region 7).
Conce:-trations between 1-2 ppm were found at Alamo River (Region 7) and San
Diego Creek (Region 8). (See inside of back cover for a map of the Regional
Boards). More information on TSMP can be found in the Annual TSMP Report (4,

1.1.1.1.2 - State Mussel Watch Program (SMWP)

SMWP is a bioaccumulation monitoring program that started in 1977 to detect
certain chemical pollutants suspected to be present in ambient waters. The goal
of SMWP was to provide a means to assess coastal .rine water quality. SMWP
also serves to help Regional Boards locate and characterize specific areas of
contamination, and to provide monitoring information for permitted dischargers.
Transplanted and resident mussels and transplanted clams are sampled at
approximately 130 sites each year in bays, harbors, estuaries, and on the open
coast. Seven permanent resident mussel or clam sites are utilized for reference
and for transplantation. Substances analyzed fc - include 13 trace elements and
approximately 70 synthetic organic compounds. The results are made available
through annual reports.

The SMWP data may prompt the Regional Boards, DHS, or the Department of Food and
Agriculture (DFA) to conduct more intensive sampling of a waterbody. It has
also assisted DHS in assessing the potential threat to humans from sport or
commercial shellfishing.

During 1988-89, samples from 15 sites were analyzed for selenium in mussel or
clam tissues. The highest tissue concentration from 1988-89, and in fact the
highest ever reported by SMWP, was 3.1 ppm (wet weight) in mussels from a site
at the Union 0il Company outfall in eastern San Pablo Bay (1987-88 finding from
same site was 1.9 ppm (wet weight)). This is well above the 0.5 ppm (wet
weight) found in source mussels from Bodega Bay. Selenium is known to be a
component of some petroleum-based products. The next highest value found in
1988-89 was 0.98 ppm selenium (wet weight) at Treasure Island in San Francisco
Bay.

The median of international standards used by the State Mussel Watch Program to
help judge the severity of a tissue burden in shelifish is 0.3 ppm (wet weight).
During 1988-89, all 15 SMWP samples equaled or exceeded this value, including
tissues from animals collected at Bodega Head (mussels) and Lake San Antonio
(freshwater clams). Over twelve years (1977-89) and approximately 80 samples
taken for selenium, about 70 samples equaled or exceeded 0.3 ppm (wet weight)
selenium in bivalve tissues. Bodega Head values ranged from (.32 to 0.52 ppm
selenium (wet weight) (5.6,



1.1.1.1.3 - Selenium in California

The Dry Lands Research Institute of the University of California, Riverside has
prepared a two-volume report for the State Board to compile the existing
knowledge on selenium and its effects on the environment.

The first volume (") discusses basic physical, chemical, and biological
properties of selenium, its sources, uses and technological and management
options to solve selenium problems in California.

Three basic options for dealing with selenium problems in California, treatment,
disposal, and source control; the need for research to identify the amounts and
forms of selenium in soils, water, vegetation, and aquatic systems; and the
relationship to human activity and the human health impacts are discussed in
Volume 1 of Selenium in California.

Selenium in California Volume 2 - Critical Issues, discusses the role of
selenium in agriculture, human health, wetland and aquatic ecosystems, and
selenium deficiency and toxicity in livestock and wildlife. The report also
discusses treatment and disposal of selenium-tainted drainage water and proposes
a systems approach to deal with environmental problems of selenium. This volume
is completed and release is expected in late 1990.

1.1.1.2 - Verification Studies (Element 2)
1.1.1.2.1 - Selenium Verification Study (SVS)

The SVS was begun in December 1985 as one element of the State Board Study Plan.
The purpose of the SVS is to provide an intensive assessment of selenium and
trace elements in biota from previously identified areas of potential concern.

The SVS is conducted by the California Department of Fish and Game (DFG) under
an interagency agreement with the State Board. Two laboratories within the DFG
are involved in this study. Sample collection and interpretation of the results
are performed by the biologists at the Bay-Delta Project in Stockton. Sample
preparation and analyses are performed by the Analytical Chemistry Unit of the
Fish and Wildlife Water Pollution Control Laboratory (WPCL) in Rancho Cordova.

SVS, 1985 - 1986 (#):

The areas investigated in 1985-86 were: the San Francisco Bay-Estuary
(Figure 2), including the Suisun Marsh; subsurface agricultural drainage
evaporation ponds in Kern County; Salton Sea, including several surface water
systems tributary to the Salton Sea and tributaries to the Colorado River in
Imperial and Riverside counties; and the San Joaquin River and selected
tributaries in western Merced County. Collection of bird, fish, aquatic
invertebrates, and water samples was initiated in 1986. In September of 1986,
results led to the issuance of a health advisory for limited consumption of
certain diving ducks from Suisun Bay. Some of the findings are:
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1. Findings suggested that there was either input from sources near Suisun Bay
-or enhanced bioavailability of selenium due to localized physical, chemical,
or biological processes. Findings from this location also suggested that
selenium may be more available for uptake near the sediment-water interface.

2. Selenium concentration in shorebirds in the San Francisco Bay Estuary were
about those measured at the control sites. Elevated levels of selenium were
measured in all fishes sampled in the Salton Sea. American wigeon from the
Salton Sea had higher selenium levels in muscle tissue than reported in the
literature for other dabbling ducks but less than one third average levels
in ducks (no wigeon) at Kesterson National Wildlife Refuge (NWR) in 1983 and
1984. Comparative data for wigeon were lacking.

3. Selenium levels in black-necked stilts from the Salton Sea were
significantly higher than in stilts from Grizzly Island and Gray Lodge
Wildlife areas and the Sacramento NWR but less than in stilts from Kesterson
NWR where stilt reproduction was heavily impacted by selenium.

4. Bird Tivers collected from agricultural drainage evaporation ponds in Kern
County indicated elevated selenium values ranging from 5.5 to 17 ppm (wet
weight). The mean (x=8 ppm) concentration of selenium in livers of black-
necked stilts from this evaporation pond complex was similar to levels in
stilts from Kesterson NWR, where severe reproductive effects were associated
with selenium. Aquatic invertebrate in ponds accumulated selenium to the
concentration levels ranging from 1.6 to 3.6 ppm (wet weight). The
invertebrate accumulated selenium at about 50 to 300 times selenium levels
in water.

5. Selenium levels in catfish from San Joaquin River and its tributaries and
Salt and Mud sloughs are far below documented toxic levels in these species,
however, concentrations in the range measured (0.32 to 0.75 ppm,

(wet weight), in muscle tissue) in catfish from Camp 13 Ditch and Mud Slough
are indicative of seienium enriched environments. The significance of these
levels to catfish has not been determined.

SVS, 1986-1987

The 1987 SVS focused on a better understanding of the occurrence and effect of
selenium in the San Francisco Bay, the Sacramento-San Joaquin River Delta and
the lower River. The findings during 1986-87 sampling are:

1. Once again waterfowl from the San Francisco Bay area had higher selenium
content than background locations, and it was shown that waterfowl increased
their selenium content after their arrival at San Francisco Bay. The 1987
concentrations were similar to 1986 concentrations in birds from Suisun Bay,
but average selenium concentrations in muscle tissue in waterfowl from San
Pablo and South San Francisco Bay increased from 1.0 to 6.0 ppm (wet weight)
between years.

2. Based on wet weight tissue concentrations, diving ducks in Suisun Bay
accumulated selenium up to 0.5 to 2.8 ppm (12,000 to 30,000 times the
concentration of total selenium dissolved in Bay water). Filter-feeding
clams, food for diving ducks, contained 4,000 to 5,000 times the waterborne
lTevel. The bioaccumulation of selenium in mussels and oysters transplanted



3.

4,

to sites in San Francisco Bay indicate selenium enrichment in areas neir oil
refineries in Suisun and San Pablo Bays, and near municipal outfalls .n
South San Francisco Bay. The concentration of selenium in bivalves from
Suisun, San Pablo, and South San Francisco bays were at.out 1.0, 2.0, and 0.7
ppm, respectively. The concentration of selenium in water was about 0.2 -
0.5 parts per billion (ppb).

Based on wet weight tissue concentrations, striped bass from the Bay-Delta
Estuary contained more selenium in 1987 (0.43 ppm) than in 1986 (0.34 ppm)
and more than an inland population at Success Lake (0.18 ppm). Striped bass
from Lake Havasu (Colorado River) contained significantly more selenjum than
those from the Bay-Delta Estuary.

Catrish colliected in the San Joaquin River again reflected exposure to
selenium enrichment, especially in the tributary sloughs, and it did not
change between years. Catfish in the western Delta did not have more
selenium than those from upstream sites, hence apparently were not
influenced by selenium from downstream sources in the Suisun Bay area.

SVS, 1987-1.88 (1

The range of selenium concentrations in various media measured during 1987-1988
are tabulated in Table 1.

1.

2.

3.

During 1988, consistent with previous findings, birds wintering on Suisun
and San Pablo bays had higher selenium concentrations than those from
control sites. Selenium levels in surf scote. tissues increased up to two
fold during the winter months when these migratory birds were using Suisun
and San Pablo bays. This increase was most ~ronounced for Suisun Bay
scoters. The wet weight geometric mean selenium levels increased from 3.6
to 8.9 ppm in muscle tissue compared with 2.9 to 6.9 ppm in scoters from San
Pablo Bay.

Histopathological examination of tissues of waterfowl from Suisun and

San Pablo bays in 1986, 1987, and 1988 studies revealed no abnormal
conditicns attributable to selenjum even though those birds with the highest
levels of selenjum in their tissues were chosen for examination.

Diving ducks in Suisun Bay accumulated selenium, on a dry weight basis, up
to 1,200,000 times the concentration of total selenium dissolved in bay
water. Filter-feeding clams commonly eaten by these ducks contained, on a
dry weight basis, 3,000 to 30,000 times the waterborne selenium level.

The selenium concentration in water from eastern San Pablo Bay (ranging from
0.05 to 0.19 ppb) suggested the influence of nonoceanic and non-agricultural
sources of selenium. Selenium in Suisun Bay strongly suggested a local
input of selinide and elemental selenium. This study's findings tend to
support earlier conclusions (8 that selenium for agricultural drainage in
the San Joaquin River does not significantly affect bioaccumulation in the
lower estuary.

Striped bass from the Sacramento-San Joaquin Estuary contained lower
selenium levels in spring 1988 than in spring 1987, but higher than in
spring 1986. Although bass from the Bay-Delta Estuary have higher selenium
tevels than an inland population from Success Lake, levels measured in all
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three years (mean of 0.40 ppm (wet weight)) are at or below the median level
measured for fish tissue nationwide. There is no direct evidence tha:
selenium has had an impact on striped bass in the estuary and current
concentrations in fish tissues are below the level of roncern (2 ppm,

wet weight) established by DHS.

White sturgeon selenium concentrations were Tower in spring 1988 (mean of
1.48 ppm, (wet weight)) than in either preceding year, indicating no trend
for selenium in white sturgeon.

4. White catfish and channel catfish from Camp 13, Mud Slough, and Salt Slough
had higher selenium levels (1.40 ppm (wet weight)) than catfish from two
sitcs downstream in the San Joaquin River (0.20 ppm). The concentration of
selenium in samples of filtered water, suspended particulates, plankton, and
sediment (taken concurrently with the fish) generally followed the same
decreasing trend. Selenium levels in catfish are substantially elevated in
the tributary sloughs and Camp 13 Ditch but have still not reached levels
knowr to be of concern for the health of fish populations. Selenium
concentrations in catfish muscle tissue are below the level of concern for
human consumption established by DHS.

5. Selenium levels in ruddy duck from San Joaquin Valley Evaporation Ponds
averaged from 1.7 to 31.0 ppm (wet weight) in “iver and from 0.5 to 10.0 ppm
(wet weight) in muscle tissue. Bioaccumulatioa of selenium was greatest at
the lowest trophic level, but the degree of bicaccumulation between each
trophic level was less than 10 times for each level above suspended
particulates.

The concentration of selenium in evaporaticr nond waters (Table 1) ranged
from 0.3 to 460.0 ppb. The concentration of selenium in water samples from
Camp 13 ditch ranged from 62.0 to 104.0 ppb. The concentration of selenium
in water from Mud Slough, Salt Slough, Suisun Bay, San Pablo Bay, San
Joaquin River (Lander Avenue), and Humboldt Bay ranged from a minimum of 1
to a maximum of 21 ppb. The concentration of selenium in suspended solids,
planktons, sediments, invertebrates, benthic valves, and fish followed
spacial trend similar to that of selenium in water at the above locations.
However, the concentration of selenium in bird liver tissue were highest in
Suisun Bay (without apparent adverse effect on Birds) and lowest in
evaporation ponds where embryonic deformities have been reported (see
Section 2.1.1, 2.1.3., and 3.1). It is worth mentioning that sampling si.:s
represent different biogeochemical environments, and inhabit different
species and age populations.

SVS, 1988-1989

The Selenium Verification Study during 1988-89 has been focused on evaporation
ponds, the San Joaquin River, and the Bay-Delta Estuary.

Data from the 1988-1989 Selenium Verification Study has not yet been completely
analyzed. The information presented here is preliminary but the results will be
included in the 1989-90 report where both year's data will be evaluated. The
final report should be completed in fall 1990. The means and standard
deviations on a wet weight basis are presented here.



Surf scoters collected from the San Francisco Estuary had patterns and
Tevels of selenium accumulation similar to those seen in previous years.

The highest levels were seen in birds from Suisun Bay (liver: 50.7+ 31.4
ppm), followed by San Pablo Bay (44.0+ 12.00 ppm), while the lowest levels
were in birds from South San Francisco Bay (17.7+ 5.6 ppm). The levels seen
in birds from the first two Tocations were similar to 1988 values while the
levels of selenium measured in birds from South San Francisco Bay appear to
be higher than levels measured in 1986.

Striped bass continue to have low levels of selenium in their muscle tissue
(Antioch: 0.49+ 0.03 ppm; Clarksburg: 0.46+ 0.4 ppm), but sturgeon muscle
levels may be increasing (Suisun Bay: 4.1+ 3.1 ppm). Three Corbicula
samples from Suisun Bay (0.48+ 0.05 ppm), had levels in their flesh less
than were seen in 1987-88 and the one composite Potamocorbula sample
collected had a value of 0.41 ppm (whole body sample), similar to that seen
in 1988. Diet analyses in 1988 indicate that Potamocorbula is the food item
most frequently consumed by sturgeon. The 1989-90 study plan includes more
extensive sampling of the selenium levels in sturgeon and their prey
species.

Surveys in the lower San Joaquin River and its tributaries indicated that
selenium levels in catfish muscle were highest in Agatha Canal (1.4+

0.32 ppm) and Camp 13 Ditch (0.54+ 0.37 ppm), which are agricultural
drainage canals and tributaries to the San Joaquin River. Levels in Mud
Slough (0.26+ 0.22 ppm) and Salt Slough (0.36+ 0.08 ppm) were much lower
than in the agricultural drainage canals and Tevels decreased as samples
were taken downstream of these two tributaries in the main stem San Joaguin
River (at Dos Reis Launch Ramp: 0.19+ 0.02 ppm). Levels in 01d River
(0.19+ 0.03 ppm) and Middle River (0.24+ 0.06 ppm) were similar to those in
the main stem San Joaquin River.

Selenium levels measured in the flesh of various centrarchids were
approximately twice as high as those of catfish, though in ail but two
cases, (red ear sunfish from 01d River 1.1+ 0.22 ppm and bluegill sunfish
from Salt Slough 1.3+ 0.20 ppm) the levels were below one ppm. Selenium
levels in centrarchid flesh decreased downstream in the San Joaquin River,
but as was the case for catfish, levels in the San Joaquin River at Lander
Avenue were lower than at any of the stations downstream of the influence of
agricultural drainage from Mud and Sait Sloughs.

Whole body selenium levels of various small forage fish from Mud and Salt
Slough exceeded 1.0 ppm (1.2+ 0.19 ppm and 1.1+ 0.17 ppm at each location,
respectively) which equals levels in excess of five ppm on a dry weight
basis.

Selenium levels in the livers of ruddy ducks, northern shovelers, and black-
necked stilts were highest at Westfarmers evaporation ponds, intermediate at
Westlake Farms and Tulare Lake Drainage District (TLDDg south ponds and
Towest at TLDD north ponds. The trends in the selenium levels of waterfow]
parallel the trends in the selenium levels of aguatic invertebrates
collected from the same locations. Selenium levels in waterfowl from TLDD
north ponds appear to be similar to levels in birds collected from Kern NWR
while those from other locations were much higher.



SVS, 1989-1990

Based on the study findings to date, the purposes of the 1989-90 Selenium
Verification Study are as follows:

1. Determining the trend of selenium levels in striped bass from Sacramento
San Joaquin Delta Estuary and white sturgeon in San Pablo and Suisun Bays.

2. Determining the selenium levels in the white sturgeon diet from the
San Pablo and Suisun Bay.

3. Determining the trends of selenium levels in diving ducks in the South San
Fra.cisco Bay, San Pablo Bay, and Suisun Bay.

4. Determining selenium levels in biota (fish and bivalve) of the Suisun bay,
the Delta, the Sacramento River, and the San Joaquin River and Salt and Mud
sloughs during minimum and maximum selenium input to the San Joaquin River.

5. Testiug the potential for using the clam Corbicula species as a selenium
intergr tor for monitoring purposes.

6. Determining intra-cell selenium levels of invertebrates utilized in the
diets of waterfowl and shorebirds, to determir whether intra-cell
variability in selenium contaminations may afrect differences in shorebird
contaminations and hatchability, and whether current invertebrate monitoring
programs are adequate.

The 1989-90 sampling began in November 1989. The 1988-89 findings will be
incorporated into the 1989-90 final report which is anticipated to be complete
in September 1990.

1.1.1.2.2 - Analysis of Trace Elements

The California Veterinary Diagnostic Laboratory System, University of
California, Davis was selected in 1988 to establish a referee laboratory.

Two hundred e=ighty selected samples of bird and fish livers, invertebrates, and
water from 1986-88 SVS sampling were sent to the laboratory for analysis of
twenty trace elements. The methods were developed with regard to minimum
detection limits in biological tissue matrices. The method of Zeeman Corrected
Graphite Furnace Atomic Absorption was used for chromium, lead, silver, ard .
levels of cadmium. Inductively Coupled Argon Plasma Spectroscopy (ICP) was used
for the analysis of aluminum, boron, barium, cadmium, copper, iron, lithium,
magnesium, manganese, molybdenum, nickel, vanadium, and zinc. Selenium and
arsenic were analyzed by hydride generation and mercury was analyzed by cold
vapor ICP.

The laboratory prepared a report (1), The report includes a brief discussion

of chemistry of the trace elements, project quality assurance/quality control,
methods of analysis, and tabulated results.
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1.1.1.2.3 - Wildlife Toxicological Assessment of Trace Elements in the
Geochemical Environment

Under a separate contract, the California Veterinary Diagnostic Laboratory with
the State Board is preparing a report on the statistical and analytical
interpretation of interreiationships among the twenty trace elements. The
preliminary findings are:

1. The statistical analysis of trace elements concentrations in the aquatic
bird liver collected from the San Francisco Bay-Delta Region and San Joaquin
Valley evaporation ponds indicated significant correlations among Cd-Mn-Se-
Hg-As, Cd-Mn-Se-Hg, Cd-Mn-Se, Cu-Ag, and Mn-Zn.

2. The Mn-Se pair-wise correlation is of particular environmental significance.
The concentration of selenium in bird liver from the estuary was linearl
related to total sedimentary manganese (Figure 3-see also SVS, 1985-1986).
The concentration of selenium in bird liver collected from evaporation ponds
was also positively related to water soluble manganese. Manganese either
affects bioaccumulation of selenium or elevated dissolved manganese is an
indicator of oxidation state of aquatic systems which affects selenium
bioavailability.

3. The concentration of bird liver selenium in Suisun, San Pablo, Central, and
South San Francisco bays were 134, 126, 81, 7, and 47.5 (mg/kg dry weight),
respectively. These values are higher than the toxic level of poultry liver
selenium of 14.82 ppm (dry weight) cited in the report. However, no
apparent adverse effects have been observed in the birds sampled.

Final report is being reviewed and release is expected in late 1990.
1.1.1.3 - Evaluation of Corrective Actions (Element 3)
1.1.1.3.1 - San Joagquin River Model

The State and Regional Boards conduct studies to generate information needed for
establishing and implementing water quality objectives for the San Joaquin
Basin. San Joaquin River Model €12 is an input/output model that was

developed to evaluate the potential of drainage reduction as a method for
meeting water quality objectives established for San Joaquin River. Various
scenarios of drainage reduction and its effectiveness for meeting water quality
objectives for total dissolved solids, boron, and selenium in the San Joaquin
River has been evaluated (13, 14, 15, and 16)

The San Joaquin River Model has been modified ¢! to accept stochastic input
data. The model utilizes the parameters of frequency distributions of
hydrologic variables. The model output is probability distributions of water
quality parameters. The stochastic model can be used to determine the
probability of meeting certain water quality objectives at a specific point on
the river. The advantage of the stochastic model is that a wide range of
conditions can be evaluated compared with a worst case scenario in a
deterministic approach.

-11-
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Figure 3: The best linear fit of mean selenium concentration in Surf Scoter liver, dry
weight basis, as a function of total sediment manganese in the south to north re-
gions of the San Francisco Bay estuary. Suisun Bay (n = 500, San Pablc Bay (n =
22), Central San Francisco Bay (n = 7), South San Francisco Bay (n = 8). Error bar

show the standard deviation of the mean. T-test comparison at p = 0.005 reveals
that Surf Scoter liver Se concentrations are significantly different for all regions ex-
cept Suisun and San Pablo Bay which are not statistically different. Source: Wildlife
toxicological assessment in the Geochemicoil Environment-Draft final report).



During 1989-90 the stochastic model was upgraded to include a physics-based
approach to pollutant transport. The model will be used to predict water
quality in the San Joaquin River for various hydrologic and drainage management
scenarios incliuding salt load reduction schemes.

For the activities of the Central Valley Regional Board on evaluation of
corrective actions see Section 1.2.1.3.

1.1.1.4. - Development of Objectives (Element 4)

The objective of this element of the Study Plan was to develop water quality
objectives or guidelines to protect beneficial uses of water. Water quality
objectives for Se, molybdenum, and boron for the San Joaquin River and Salt and
Mud sloughs as a part of Basin Plan Amendment was proposed by the Central Valley
Regional Board and approved by the State Board on September 21, 1989.
Recommended guidelines for a safe level of selenium and molybdenum in Tlivestock
drinking water (an important beneficial use in the valley) has been established
(see Section 1.2.1.4). Development of water quality criteria for uranium in
evaporation ponds has also been studied (see Section 1.2.1.5).

1.1.1.5 - Regulations for Treatment and Disposal (Element 5)

The Regional Water Quality Control Boards and the State Board regulate
evaporation ponds under the Porter-Cologne Water Quality Act of 1969 and the
Toxic Pits Cleanup Act of 1984. The Regional Boards establish waste discharge
requirements that pond operators must meet to protect the quality of waters of
the State. Under the Toxic Pits Cleanup Act, wastewaters that pose serious
health threat to the quality of drinking water may be discharged to ponds that
are double-lined and equipped with a leachate collection system and groundwater
monitoring systems. The Regional Board can exempt evaporation pends from this
requirement until January 1, 1992 (AB 3843) if waste discharge requirements are
issued for the pond and measures to prevent adverse wildlife impacts have been
imp lemented.

The State Board provides funding for construction of treatment and disposal
facilities per the terms of the Water Conservation and Water Quality Bond Law of
1986 (see Section 1.1.2). The State Board also provides funding for preparation
of guidelines for hydrological assessment reports required from pond operators
(see Section 1.1.3).

Currently, evaporation ponds are the only means of disposing of subsurface
agricultural drainage water collected from tile drained areas in the Tulare
Basin. In the San Joaquin River Basin, the drainage water is either discharged
to the river or evaporation ponds. The Regional Board (Region 5) regulatory
activities on evaporation ponds are discussed in Section 1.2.1.5. Regional
Board activities in the implementation of Basin Plan Amendments are discussed in
Section 1.2.1.7. For additional information on treatment and disposal methods,
see Section 2.1.3, 2.1.5, 3.1, 3.3, 4.2.2, and 4.3.

1.1.1.6. Laboratory Quality Control/Quality Assurance Program (Element 6)
This activity is part of any State and Regional Board studies. For example, a
study is currently underway to develop analytical techniques for analyzing

certain trace elements in highly concentrated drainage water such as evaporation
pond waters (see Section 1.2.1.5.6).
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1.1.1.7 - Regulatory Activities (Element 7)

The State Board approved the Central Valley Regional Board Basin Plan Amendment
and established water quality objectives for Se, boron, anc molybdenum (see
Section 1.2.1.7 for more details).

1.1.1.8. Coordination (Element 8)

The purpose of this element of the Study Plan is to inform all interested
parties of the status of activities of all entities involved in the area of
selenium, other trace elements, and agricultural drainage. Progress reports
were released on December 1985 (18 March and October 1986 (19, 200

December 1987 (21, and March 1889 z2),

In preparing the 1989-90 report, State, federal, university, and local agencies
coordinators and/or researchers were asked to update the status of their
projects (Appendix A) and provide input to this report (see acknowledgements).

1.1.2 - Watar Conservation and Water Qua]ity Bond Law of 1986

In 1985, the California Legislature enacted Assembly Bill (AB) 1982, the Water
Conservation and Water Quality Bond Law of 1986. The sum of $75 million of the
fund provided by the bill for agricultural draina- was deposited in the
Agricultural Drainage Water Account to aid in the construction of drainage water
management units for the treatment, storage, or disposal of agricultural
drainage water. Some specific types of facilities eligible for funding include
surface impoundments, such as evaporation ponds, .cnveyance facilities,
treatment works and injection wells. The maximum loan amount is $20 million for
a period of up to 20 years and the interest rate is one half of the interest
rate of State General Obligations Bonds (approximately 3.5%). A maximum of 3
percent of the total amount of bonds may be used for financing feasibility
studies of projects potentiaily eligible for funding. No single potential
project can receive more than $100,000 for feasibility studies.

The State Board administers the Agricultural Drainage Water Management Loan
Program. Applications are reviewed and a priority list is prepared for State
Board approval. All eligible projects from the priority list must be approved
by the State Board hefore Legislative approval can be obtained.

To date, twenty-five applications have been received by the State Board. The
projects can be broadly categorized into five groups: (1) disposal facilities;
(2) selenium removal projects; (3) ground water cleanup projects; (4) drainage
management projects; and (5) feasibility studies. Seven projects were approved
by the State Board and the Legislature (AB 2875, 1988) for a total of
$6,173,000. Eight projects have either received State Board approval or are in
the planning stage and ten projects are listed as inactive and not likely to
proceed in 1989-90.

0f the total funding available for loan in the Agricultural Drainage Water
Account, $23,994,000 has been approved by the State Board and $47,256,000 is
uncommitted. However, the remaining 1988 priority list projects absorbs
$15,200,000 and loan requests received in 1989 are for the amount of
$35,508,000. More details can be found in an annual report by the Agricultural
Drainage Water Management Loan Program to the Legislature in August 1989 (23),
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Under a contract with the State Board (Division of Clean Water Program), the
University of California, Davis has prepared a report (24 on the status of
agricultural drainage problems in California. This report addresses the
pollution problems affecting irrigated agriculture, aquatic 1ife, and human
health. The report discusses trace elements, and man-made chemicals such as
fertilizers and pesticides and proposes solutions to salinity, trace elements,
nitrates, and pesticides. The elevated total dissolved solids in shallow ground
water, rising water, and lack of adequate safe drainage disposal are recognized
as primary factors affecting agriculture in the westside of the San Joaquin
Valley. Environmental and wildlife concerns over the trace elements are also
discussed in this report. The potential health hazard from use of ground water
for drinking purposes occurs in the Central Valley due to the presence of
nitrates and pesticides in wells. The report cites ground water contamination
due to nitrate and pesticides in several areas of the Central Valley.

Some of the solutions proposed to solve agricultural drainage related problems
include source control, drainage reduction, land retirement, physical, chemical,
and biological treatments of drainage water, dilution, reuse of saline water,
and disposal of drainage water in salt sink or ocean.

The obstacles to improved water management are described to be: relatively low
water costs, growers tradition in farming and water management, lack of skills
and information, farm constraints, institutional constraints, and difficulty in
determining nonpoint source (NPS) pollutions.

1.1.3 - Water Quality Planning Program

The State Board Water Quality Planning Program has funded several studies
involving selenium and other trace elements. These studies are as follows:

1. The University of California, Davis, under contract with the Central Valley
Regional Board, prepared a report (2 on evaporation ponds as a means of
disposing of agricultural waste water. The report is the result of a study
on five evaporation ponds in the San Joaquin Valley. The work was funded by
205(3)(5) funds by the State Board. For details see 1.2.1.5.1.

2. To field test the effectiveness of microbial volatilization of selenium from
soil, one project is presently in progress at the Peck Ranch near Mendota.
The project is being funded by State Board contracts with the University of
California Riverside and the Fresno Foundation at the California State
University, Fresno, using $219,000 in Section 205(j)(2) grant money from the
U.S. Environmental Protection Agency (EPA) and $73,000 in local match. The
two contracts started on January 4, 1988, and expire in 1990.

The field work consists of testing several soil amendments and monitoring
the emission rates of dimethyl selenide and dimethyl diselenide gases. The
soil amendments are disked into the ground to a depth of six inches, and the
soil is kept moist by a sprinkler system. Soil cores are analyzed
periodically to monitor the selenium content of the individual subplots.

A second study (Part II) which is a continuation of the above study with new

contracts to the same universities and funded with $58,500 from another

Section 205(j)(2) grant and $19,500 in local match, started in January and
_extend through May 1990. The work to be performed will include a final
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analysis of the data collected during the first study, a report on the
institutional and financial considerations, a management and implementation
plan, and a final report. For more information on microbial volatiiization
of selenium, see Sections 2.2 and 3.1.

3. Determination of Hydrological Assessment Report (HAR) Requirements for
Agricultural Evaporation Ponds

The Toxic Pits Cleanup Act (TPCA) requires that a person discharging liquid
hazardous wastes to a surface impoundment prepare a HAR. The objective of
this study is to evaluate the existing HAR requirement, and modify them for
application to evaporation ponds so that the TPCA can be amended
accordingly. A management plan will be prepared for individual land owners.
The project is being funded by a State Board contract with the University of
Colifornia, Davis using $95,250 in Section 205(j)(2) grant money from EPA
and $31,750 in local match. This study started on June 1, 1989.

1.1.4 - {inpoint Source Pollution Control Program

In 1987, tn: U.S. Congress incorporated Section 319 into the Clean Water Act to
initiate a new National NPS action program. The amendments to the Clean Water
Act require states to assess their waters and to develop NPS management programs
to control and reduce specific nonpoint sources of pollution and authorizes
federal loan and grant funds to help states and local government, individuals,
and farmers to manage NPS of pollution. The states are required to prepare an
assessment and NPS management plan. The State Board adopted California's NPS
assessment and management plan in November 1988 (°/» 28),

On November 9, 1989, the president signed an app~opriations bill that included
$40 million for Clean Water Act Section 319 grants to states to implement NPS
management programs. Congress directed EPA to seek state grant applications and
to award NPS grants no later than March 1, 1990. A1l Section 319 grants require
a 40 percent match., The State Board NPS Program submitted 14 projects for a
total of $1.9 million. Eleven projects and its administrative costs were
approved for a total of $1.67 million.

In order to meet the goals of NPS control program the State Board expanded its
existing NPS Unit into a NPS Section. The NPS Section includes an NPS
Agricultural Unit, and an NPS Unit. The NPS Section strategy is to raise public
awareness, identify practical solutions to control NPS pollution, develop a
regulatory program to deal with nonpoint sources of pollution and administer the
funding for NPS program implementation.

The State Board encourages a cooperative strategy for NPS control which consists
of encouraging dischargers and management agencies to implement Best Management
Practices ?BMPS) through education, training, financial assistance, and
demonstration projects. However, if progress toward implementation of BMPs is
not made or BMPs fail to control the NPS of pollution, the State Board will
consider taking regulatcry steps such as issuance of waste discharge
requirements.
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The State Board role consists of development of policy, program direction,
overall coordination with Regional Boards and management agencies, selection and
administration of projects for loans and grants, development of BMPs,
demonstration projects, and development of outreach programs.

The State Board's Subsurface Agricultural Drainage Program (the Study Plan
established in 1985) was transferred from the Division of Water Rights to the
Division of Water Quality - Agricultural NPS Unit. The Agricultural Drainage
Program resources are 14.0 personnel years (Board-wide) and approximately
$700,000 annual funds which was approved by the California Legislature on
July 1, 1985.

1.2.0 - California Regional Water Quality Control Board, Central Valley Regional
Board (Region 5)

1.2.1 - Selenium and Other Trace Elements in California
1.2.1.1 - General Qverview Studies
1.2.1.1.1 - Municipal and Industrial Discharge Survey for Selenium

The California Legislature, through the Governor's 1985-86 budget, provided
funding for an intensive Jook at municipal and industrial discharges for
selenium. Due to the importance of selenium in the Central Valley, selenium
samples were taken from 109 discharge points. The majority were taken from
discharges that eventually find their way into the Sacramento San Joaquin Rivers
and Delta, or from those located in close proximity to the existing agricultural
drainage problem area.

A final report on this investigation was prepared by the Centra! Valley Regional
Board in 1988 (29). The report describes the selenium levels at each site and

will be used to evaluate regulatory and monitoring programs. Specific findings
are:

1. Only two discharges showed elevated selenium levels, one municipal and one
industrial site.

2. Because selenium has occurred in only a few isolated instances in this
survey, the report recommends that Central Valley Regional Board staff

continue their emphasis on selenium problems related to agricultural tile
drainage discharges.

1.2.1.1.2 - Survey of Tile Drainage Discharges into the San Joaguin River

Central Valley Regional Board staff completed three water quality surveys of
tile drainage systems that are discharging into the San Joaquin River. The
survey of over 300 sites in seven distinct zones in the basin was conducted
because of concern for elevated levels of trace elements being found in tile
drainage.

A report on this survey has been prepared by the Regional Board (30, The

report describes the ranges of salinity and 13 trace elements that were included
in the survey. The results of the report will be used to establish regulatory
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priorities and discharger monitoring programs, including factors in the
development of basin plan amendments. Specific findings are:

1.

Only six of the 13 trace elements occurred with frequency; arsenic, boron,
chromium, molybdenum, nickel, and selenium.

Arsenic and molybdenum were associated with Sierra Nevada deposits in the
Valley.

Chromium, nickel, and selenium were associated strongly with deposits in the
Panoche Fan area, with selenium concentrations elsewhere in the basin very
Tow.

Boron was associated with all tile drainage flows from drained areas west of
the San Joaquin River.

Additional work is now underway to document the ranges of three additional
trace elements that have been documented in the San Joaquin River sloughs.
Uranium and vanadium have both been recorded in elevated levels in the

San Joaquin River. The most likely source is the drainage discharges.
Elevated chromium concentrations were found in the previous survey and
downstream in the San Joaquin River. Recent spot checks of tile drainage
discharges_show that a high percentage of the ‘hromium in the tile drains is
in the Cr*d form, a fora known to cause fishery impacts.

A survey of the 300+ sites in the seven distinct zones in the basin will be
conducted in the spring of 1990. In additior to testing for these three
trace elements a follow up survey for three of the six trace elements
detected in the last survey will be conducted. Those are boron, selenium,
and molybdenum. A report on this survey wili be prepared and distributed in
lTate 1990. Follow-up work will concentrate on river monitoring, beneficial
use impact assessments, and development of needed basin plan amendments.

1.2.1.2 - Verification Studies (Site Specific Studies)

Several site-specific studies were conducted in response to concerns that
agricultural drainage, including the trace elements it contains, may be
impacting beneficial uses. Most of the studies were directed at the occurrence
of selenium; however, other trace elements commonly found in drainage water were
also considered. For general location of certain study areas see Figure 1.
summary of these investigations is described below.

1.2.1.2.1 - Area Wide Tile and Surface Drainage Surveys in San Joaquin

River Basin

Several zones east and downstream of the Grassland Basin within the San Joaquin
River Basin have tile drains that either showed elevated levels of trace
elements (see previous discussion on tile drain survey) or discharges had the
potential to impact beneficial uses. An intensified effort to assess the trace
element levels was conducted in seven zones.

1.

East Side Discharges

Periodic monitoring for salts and trace elements by Regional Board staff in
addition to monitoring by local irrigation districts was conducted on the
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31 major drains entering the San Joaquin River from the east side. The
Regional Board began sampling these discharges in January 1986 to compile a
database for salts and trace elements. The database will be used in the
development and evaluation of an agricultural drainage reduction program in
the San Joaquin River Basin. This was supplemented by monitoring programs
by the irrigation districts. A report on the monitoring of the east side
discharges was prepared (31>, The report shows that:

a. EC, boron, and selenium were typically low in all three zones studied.

b. The southern zone had higher maximum values of boron and selenium than
the northern and central zones. Only the southern zone is served by
water from the Delta-Mendota Canal, in addition to water from the east
side streams.

C. Concentrations of copper, chromium, lead, nickel, mercury, molybdenum,
and zinc were typically at or below their detection limits.

No further Central Valley Regional Board monitoring is anticipated.
Stanislaus County Discharges

Surface and tile drain flows from 44 drains in the western portion of
Stanislaus County represent a significant quantity of the flow in the

San Joaquin River upstream of Vernalis. Periodic monitoring for salts,
trace elements, and sediment content by Regional Board staff in addition to
monitoring by local irrigation districts begun in April 1985 on the major
drains entering the River. The database will be used in the development and
evaluation of an agricultural drainage reduction program in the San Joaquin
River Basin. A report on the monitoring of these discharges was prepared by
the Regional Board 320, The report shows that:

a. Concentrations of salinity, boron, molybdenum, and selenium in the tile
drains were significantly lower than in the Panoche Fan area.

b. Because many of the drains discharging to the river contain significant
amounts of surface runoff, the quality of water is influenced most by
the source of the supply water.

c. Similar trends were noted for boron, chloride, sulfate, and total
recoverable selenijum.

D. Total recoverable selenium concentrations were lowest in Water Year
(WY) 1986, a wet year, and higher in WY 1987, a critical year (dry).
The highest selenium concentrations were recorded in WY 1988, a second
consecutive critical year, especially in areas utilizing only
San Joaquin River water.

1}

The areas discharging the greatest pollutant load to the River are those
areas obtaining water from the River only.

f. The source of the supply water is more important than the source of the
drain water in the amount of pollutants discharged from the western
portion of Stanislaus County.
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g. The discharge of pollutants from western Stanislaus County is merely a
recycling of agricultural pollutants which have been discharged tc the
San Joaquin River further upstream.

The sediment data has already been used by the West Stainislaus Resource
Conservation District in assessing where the major sediment discharges are
originating from. A full report on the magnitude of the sediment discharges
was submitted to the Regional Board in March 1989. A follow up program
through the NPS Program is now being initiated.

No further Central Valley Regional Board monitoring is anticipated.
San Joaquin County Discharges

Strface and tile drain discharges from the western portion of San Joaquin
County have the potential to have a significant impact on San Joaquin River
water quality downstream of Vernalis. Periodic monitoring of the 38
princ:pal tile drainage discharges for salts and trace elements has been
conducted by Regional Board staff. The study area was divided into three
zones au determined by local water distribution and management influences.

A report on the quality of these discharges has been prepared by the Central
Valley Regional Beard ¢**, The report shows that:

a. Concentrations of salinity, boron, molybdenum, and selenium in the tile
drains were significantly lower than in the Panoche Farm area.

b. Median selenium concentrations ranged froi 1.6 to 4.6 microg/L for the
three zones.

c. The median boron concentration is approximately equal to that reported
for the Contra Costa County area but is greater than that reported for
the western Stanislaus County area.

d. 3oron continues to be elevated in this area even though subsurface
drains have been in operation for over 20 years.

No further monitoring by Central Valley Regional Board staff is anticipated.

4.

Contra Costa County Discharges

Fourteen major tile drains in the eastern portion of Contra Costa County
discharge directly into the Delta and have the potential to impact water
quality, especially in some of the channels and sloughs in the Western Delta
that are not subject to continuous circulation. Periodic monitoring of
these 14 principal discharges for salts and trace elements has been
conducted by Regional Board staff. Sampling of these discharges was
initiated in December 1985 to compile a database for salts and trace
elements. The database will be used in the development and evaluation of
the need for an agricultural drainage reduction program. A report on the
quality of these discharges has been prepared by the Regional Board %,
The report shows that:

a. The median salinity (EC) and median boron concentrations were low in
this study area in comparison to that observed in drainage discharges
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from the Panoche Fan area. Median EC and boron concentrations in the
study area were 1,720 micromhos/cm and 2.8 mg/L, respectively, compared
to 6,100 micromhos/cm and 7.9 mg/L, respectively, in the Panoche Fan
area.

b. Although trace element concentrations from the monitored sites were
typically low, occasional high concentrations were observed in the Main
Drain at Veale Tract. This drain collects high ground water and surface
runoff. 1In addition, past use of soil amendments in the area may have
affected the water quality.

c. Although the median boron concentration was not particularly high, boron
concentrations in a few of the discharges was quite high, a maximum of
16 mg/L boron being observed. Boron has been known as a cropping
problem in this area and, even though subsurface drains have been in
operation in this area for over 20 years, boron concentrations continue
to be high in some portions of the study area.

No further monitoring by Central Valley Regional Board staff is anticipated.

South Delta Islands Discharges

Discharges from 49 surface and tile drains enter the South Delta waters
directly from the jslands or from lands immediately adjacent to Delta. The
discharges from the surface drains often carry blended tile drain water or
significant ground water seepage. These discharges have the potential to
have a significant impact on Delta water quality, especially at times of
poor channel circulation. Periodic monitoring of these 49 principal drains
has been conducted by Central Valley Regional Board staff. A report on the
quality of these discharges was prepared by the Central Valley Regional
Board ©33). The report shows that:

a. The drainage water discharges are better guality than those discharged
further upstream. For example, those originating from the South Delta
lowlands had a median salinity concentration of only 770 mg/L.

b. The majority of the samples collected from the drainage discharges in
the South Delta Towlands were of a quality that they could be used
directly for crop irrigation without any harmful effects.

c. The trace element concentrations in the samples collected in this survey
were low.

d. The median selenium concentration for all the samples collected was
0.7 microg/L with over 85 percent of the samples collected showing

concentrations below 2.0 microg/L, a concentration guideline used by the
USFWS for wetland protection.

Further sampling for trace elements measured in this study, including
selenium, in agricultural drainage water discharges is not needed in the
lowland area of the South Delta. Measured concentrations do not pose a
threat to beneficial uses.
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6. Central and Northern Delta Islands

Central valley Regional Board has been working cooperatively with tlie Delta
Health Effects Monitoring Program of the DWR to assess the levels of
selenium entering Delta waters from agricultural discharges. Results of
this program are being pubiished in the DWR Health Effects Monitoring
Reports and various DWR submittals to the Delta Hearing Process. It is not
envisioned that a separate report will be prepared by the Central Valley
Regional Board, however, the data collected to date was published in the
report on the South Delta Lowlands (see #5 above). Further monitoring by
the Central Vailey Regional Board is not anticipated as all samples checked
showed very low selenium concentrations and elevated levels of other trace
elezents is not suspected.

7. Kings River Survey

Numerous tile drains discharge directly into the Kings River. Central
Vailey Regional Board staff began a preliminary survey of these discharges
in QOctober 1988 to determine if trace elements may be impacting beneficial
uses. /. progress report has been prepared and is being reviewed. A full
report con this activity will be prepared in late 1990 or early 1991.

1.2.1.2.2 - Waterfowl and Wildlife Refuges in the “entral Valley

Concern was expressed that surface and subsurface tile drainage waters from
irrigated agriculture may be impacting wildlife refuges in a manner similar to
the impacts seen at Kesterson Reservoir and the Grassland area of western Merced
County. Limited data is available on the quality »f water entering these areas;
therefore, in cooperation with USFWS staff and DG Refuge Managers,
reconnaissance surveys were conducted at several refuges to determine if further
evaluation is needed. Emphasis in this program was given to State wildlife
refuges although federal areas receiving significant return flows were also
considered.

1. Modoc National Wildlife Refuge (NWR) and the Ash Creek Wildlife Management
Area

Staff conducted a reconnaissance survey of the quality of the water supnlies
entering the Modoc NWR and the Ash Creek Wildlife Management Area. The
purpose was to determine if trace elements or pesticides were present the.
posed a threat to fish and wildlife. A report on this investigation has
been prepared by the Central Valliey Regional Board (3. The report
describes the water quality found at the refuge and its potential impacts.
Specific findings are:

a. Samples did not contain pesticides at detectable concentrations.

b. Trace element concentrations were similar to background concentrations
found in the Pit River surface water system.

c. Agricultural return flows do not appear to have impacted water quality

at the site including selenium concentrations as these were found to be
very low.
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Merced NWR

Staff conducted a reconnaissance survey of the quality of the water supply
to the Merced NWR to determine if problems may be occurring at this site due
to agricultural return flows. A report on the Merced investigation has been
prepared by the Centrai Valiey Regionail Board <37)., The report describes

the present water quality used at the refuge and its potential impacts.
Specific findings are:

a. The current water supply is of acceptable water quality for both the
wildlife habitat and irrigation beneficial uses at the refuge.

b. Agricultural return flows including subsurface drainage discharges do
not appear to have impacted water quality at the site, including
selenium concentrations as these were found to be very low.

Sacramento NWR

Central Valley Regional Board staff conducted a reconnaissance survey for
salts, pesticides, and trace elements in the water entering the Sacramento
NWR. Emphasis was given to the irrigation season including the rice growing
season as this represents a significant inflow period. A follow-up program
has been started by the USFWS to survey additional pesticides and other
potential contaminants not included in the Central Valley Regional Board
survey. The data collected by the Central Valley Regional Board will be
incorporated into a USFWS study. A report has been prepared by the Central
Valley Regional Board 8. The report shows that:

a. Mineral and trace element concentrations from agricultural return flows
do not appear to be Timiting factors in the beneficial use of water for
wildlife habitat at this site.

b. Selenium levels ranged from 0.1 - 1.2 microg/L with a median selenium
concentration of 0.4 microg/L, which is well below the EPA's 5 microg/L
criterion for the protection of freshwater aquatic life, and the 2
microg/L guideline utilized by the USFWS in the management of the
federal refuges.

c. Agricultural drainage entering the refuge was monitored for thirty-three
pesticides that represent the agrichemical use on crops grown upstream
of the refuge during this survey. Three thiocarbamide compounds were
detected in the water samples. The results of this reconnaissance level
pesticide monitoring signal the potential short term intermittent
exposure of wildlife to herbicides from agricultural return flows
draining into the refuge.

Gray Lodge Wildlife Management Area

Central Valley Regional Board staff conducted a reconnaissance survey for
salts, pesticides, and trace elements in the three water supplies utilized
by the Gray Lodge State Wildlife Management Area. A report on this
reconnaissance level survey has been prepared by the Central Valley Regional
Board 3%, The study showed that:
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a. Mineral and trace element concentrations, including selenium, do rot
appear to be limiting factors in the beneficial use of water for
wildlife habitat at this site.

b. Selenium levels ranged from <0.2 to 0.8 microg/L with a median selenium
value of 0.3 microg/L, which is well below the 5 microg/L EPA criterion
for protection of freshwater aquatic life and the 2 microg/L guideline
utilized by USFWS in management of federal refuges.

c. Rice herbicide concentrations in agricultural drainage entering the
management area were well below the guidelines established by DFG for
protection of fish and aquatic invertebrates, although the potential
affects of these levels on waterfowl are unknown.

5. Mendota Wildlife Management Area (WMA)

Central Valley Regional Board staff conducted a reconnaissance survey for
saltc and trace elements in the water supply utilized by the Mendota WMA
that comes from NPS agricultural return flows. Preliminary findings show
that pe “iods of strongly elevated trace elements are entering the Mendota
WMA from irrigated lands to the west. Central Valley Regional Board staff
are attempting to determine the source of these metals. Further monitoring
will be conducted in the 1990 irrigation seasr . with a report scheduled for
preparation in late 199Q.

1.2.1.3 - Evaluation of Corrective Actions
1.2.1.3.1 - Stream Quality Evaluations

Several stream water quality surveys were conducted to determine natural
background quality, loads that may be entering main stem water supplies or
analyses of water quality in relation to beneficial use impacts. Emphasis in
this program has been on selenium although periodic monitoring has also been
conducted for other trace elements. The data developed in these programs are
being utilized in development of water quality objectives, setting baseline
conditions for NPS reduction programs and as a database for modeling of the
San Joaquin River system.

1. Sacramento River Basin Survey

Concern was expressed that historical data showed selenium concentrations in
the Sacramento River and its tributaries often exceeded the present drinking
water standard of 10 microg/L. If true, these levels would exceed thosc
presently found in the San Joaquin River. Staff has conducted a water
quality survey to verify the historical data and locate potential sources of
selenium loading, especially those coming from NPSs. A report on this
investigation has been prepared by the Central Valley Regional Board (0,
The report describes the present selenium concentrations in the Sacramento
Valley waterways including the main agricultural drains. Specific findings
are:

a. Stream monitoring in the Sacramento River Basin does not support
historically recorded high selenium concentrations.
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b. Only 11 samples of the 366 collected exceeded 1 microg/L with a maximum
for the 11 being 1.6 microg/L, far below the present drinking water
standard of 10 microg/L.

c. Selenium concentrations recorded in this study do not show that existing
or potential beneficial uses are being adversely affected.

San Joaquin River Survey, Water Years (WYs) 85, 86, and 87

As part of the San Joaquin River agricultural drainage water investigations,
Central Valley Regional Board staff conducted a water quality monitoring
program between May 1985 and March 1988 to evaluate the effects of
subsurface agricultural drainage on the water quality of a 60-mile section
of the San Joaquin River. This work was initiated as a result of concern
expressed for elevated levels of selenium and other trace elements in the
River. A report on this water quality survey has been prepared by the
Central Valley Regional Board 1), The report describes the water

quality in the San Joaquin River in WYs 85, 86 and 87 and will be utilized
to evaluate proposed water quality standards and future agricultural
drainage reduction programs in the San Joaquin River Basin. Specific
findings are:

a. The highest concentrations of selenium, boron, and salt occurred Just
downstream of the Mud and Salt Slough confluences with the San Joaquin
River,

b. River selenium, salt, and boron concentrations decreased downstream as
each of the three east side rivers diluted the San Joaquin River.

c. Concentrations appear to be related to climatic and stream flow
conditions in the river basin with concentrations highest in drier
years.

d. Concentrations show seasonal variations with the highest concentrations
occurring during the nonirrigation season (October to March).

San Joaquin River Survey, WYs 88 and 89

As part of the San Joaquin River agricultural drainage water investigations,
Central Valley Regional Board staff conducted a water quality monitoring
program between October 1987 and September 1989 to evaluate the effects of
subsurface agricultural drainage on the water quality of a 60-mile section
of the San Joaquin River. This work is a continuation of the work conducted
on the River in WYs 1985, 1986, and 1987 to evaluate the elevated levels of
selenium and other trace elements in the River. A report on the water
quality survey in WY 1988 has been prepared by the Central Valley Regional
Board “2).  The report describes the water quality in the San Joaquin

River, compares it with previous WYs and will be utilized to evaluate
proposed water quality standards and future agricultural drainage reduction
programs in the San Joaquin River Basin. Specific findings are :

a. The highest concentrations of selenium, boron and salt continue to occur
Just downstream of the Mud and Salt Slough confluences with the
San Joaquin River.
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b. The decreasing trend of river selenium, salt, and boron concentrations
continue downstream as each of the three east side rivers diluted che
San Joaquin River.

c. Chloride, boron, sulfate, EC, selenium, and molybd=num values in the
River appear to be directly related to climatic and stream flow
conditions in the River basin. During the critical 1987 and 1988 WYs,
constituent concentrations were routinely higher than were during the
wet 1986 WY.

d. During WY 1988 these same constituents also show seasonal variations in
concentrations with the highest levels occurring during the non
irrigation season (October to March).

San Joagquin River Survey, WY 90

Because of the continuing discharges into the River and the extended low
flow conditions in the River caused by the fourth year of drought,
monitoring at selected River stations will continue through the WY.

Emphasis will be on the evaluation of the effectiveness and achievability of
the critical dry year water quality objectives adopted into the basin plan
for the San Joaquin River. A report on the monitoring will be prepared in
late 1990 or early 1991.

Willow Slough Survey

Monitoring in Willow Slough in Yolo County ha+ shown strongly elevated
levels of selenium upstream of the City of Davis Wastewater Treatment Plant.
Periodic monitoring by Central Valley Regional Board staff shows that the
source of selenium appears to be NPSs including return flows from irrigated
agriculture. A more intensive survey of agricultural sources was conducted
in the 1989 irrigation season. Follow-up monitoring will be conducted in
the 1990 irrigation season with a full report planned for late 1990.

Westside Creek Survey

Periodic monitoring by Central Valley Regional Board staff has been
conducted on several of the creeks which originate in the Coast Range and
discharge into the San Joaquin River and Delta. Monitoring concentrated on
boron and selenium levels of these intermittent creeks and whether
continuous monitoring would be needed to assess significant loads of these
two trace elements to the River and Delta. Monitoring will only continue at
the time of initial outflows from these creeks following the long dry period
of 1987-1990. Additional periodic monitoring is not expected. Because of
the extended drought in the Coastal Range, a preliminary report on the
monitoring results is being prepared and should be available in late 1990.

Stream Background Survey

A one-time monitoring effort was conducted by Central Valley Regional Board
staff to determine the range of natural background concentrations of
selected trace elements in natural streams. This monitoring effort was
conducted to: (1) represent streams above significant discharges or land
use that may alter stream quality; (2) represent streams at their highest
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flow periods (February-April); and (3) periods when no surface runoff is
occurring by having at least a ten-day nonrain period prior to sampling.

The main effort of this program is selenium concentrations; however,
selected samples were checked for other trace elements. Low level detection
was used on all samples. The data developed in this program assisted the
Regional Board in understanding the relative distribution of selenium and
this was used as background information in developing water quality
objectives for the San Joaquin River and identifying additional areas where
further source monitoring is needed. No further sampling is anticipated. A
draft report on this one-time monitoring effort has been prepared and is
receiving peer-review. A final report on this stream survey is expected to
be completed in mid 1990.

1.2.1.4 - Development of 0Objectives
1.2.1.4.1 - Beneficial Use Assessments (Surface Waters)

As part of the process of amending the San Joaquin River Basin Plan (5C), a
review of selected beneficial uses of surface and ground waters was made.
Efforts were concentrated on those waters affected by the discharge of
agricuitural subsurface drainage water. Six surface water surveys were made of
water diversions and their type of use and a survey was made of the type of
tributaries that are entering the Mud and Salt Slough system. Each of the
surveys was used as a basis for review of the Basin Plan which was amended on
December 8, 1988. No additional surveys are planned. Summaries of completed
surveys are presented here:

1. Water Use on the Main San Joaquin River (Mendota to Mossdale)

A field and aerial survey was made of water diversion points along the 150
mile reach of the San Joaquin River from the Mendota Pool near Mendota to
the Mossdale Bridge near Tracy. In addition to the segments of the main
channel that were surveyed, special surveys were conducted on Bear Creek,
the West Stanislaus Irrigation District Main Intake Channel, and the Grayson
Slough Channel which was formerly the main branch of the San Joaquin River.
A1l of these special surveys were conducted as significant inflow and
outflow points occur on these channels and the main channels are not
monitored as they enter the San Joaguin River. The survey included locating
all sites, determining active or inactive use and the type of use being made
of diverted water. The majority of sites were being put to agricultural
beneficial use; therefore, a survey was made of the acreage being irrigated,
the type of crop being grown and the likely seasons of use. This
information has formed the basis for the San Joaquin River input-output
model developed by the State Board. A final report on this survey has been
prepared 4. The report has been prepared in three volumes--the main

text, Appendix A, and Appendix B. The main text summarizes information from
both the discharge points to the San Joaquin River as well as the diversions
from the River. Appendix A provides detailed descriptions of each diversion
point. Appendix B contains the beneficial use survey conducted along the
River between Lander Avenue and Airport Way, Due to the importance of
maintaining beneficial use of the water being diverted, a special use survey
was conducted of the 48 water diversion points occurring in between Lander
Avenue and Airport Way. These 48 points supply all or a portion of the
irrigation supply for over 60,000 irrigated acres which produce a variety of
field, vegetable, orchard, and pasture crops. A1l of the diversion points
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were putting the water to agricultural beneficial use with almost all nsing
the water for irrigation. This reach of the River is most directly af.ected
by discharges of agricultural subsurface drainage water. A detailed
discussion of the resuits of this survey are given in 2ppendix B. The
report shows that:

a. The 150-mile reach of the San Joaquin River has 89 points of water
diversion for beneficial use.

b. The greatest density occurs in the lower reaches of the River.

c. The density of diversion points increases downstream from the Hills
rerry Bridge as each east side tributary contributes flow to the River.
The density per mile doubles in moving from the Hills Ferry Bridge to
the Mossdale Bridge

Results from this survey, in particular information from Appendix B, has
been .ised as part of the basis for review of the San Joaquin Basin Plan
(5C).

Water Use on the Tuolumne River Downstream of Highway 99

A field and aerial survey was made of water di- ersion points along 16 miles
of the Tuolumne River from the Highway 99 Bridge to the San Joaquin River.
The survey was conducted similar to the one conducted on the main stem of
the San Joaquin River (see Section 1.2.1.4.1.1). A final report on this
survey has been prepared by the Central Valle: Regional Board ¢“#. The
report shows that: .

a. Flow in the Tuolumne River within the study area was found to be highly
regulated and strongly influenced by discharges or diversions into the
River.

b. The 16-mile section of the Tuolumne River surveyed in this study has 18
diversion points from the River.

c. The greatest density of diversion points occurs on the northern bank of
the River with all water diverted for the beneficial use of irrigated
agriculture.

The survey has been used as part of the basis for review of the San Joaquin
Basin Plan (5C).

Water Use on the Merced River Downstream of Cressey Bridge

A field and aerial survey was made of water diversion points along a 28 mile
reach of the Merced River from the Cressey Bridge to the San Joaquin River.
The survey was conducted similar to the one conducted on the main stem of
the San Joaquin River (see Section 1.2.1.4.1.1). A final report on this
survey has been prepared by the Central Valley Regional Board 5. The
report describes:

a. The 28-mile section of the Merced River as having 49 water diversion

points for beneficial use of irrigated agriculture. These are scattered
throughout the entire 28-mile River section.
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b. The sites are equally divided between the north and south bank of the
River; however, in the upper River section (Highway 99 to the Cressey
Bridge) a high number of diversion sites occur along the northern bank.
In the lowest River section (mouth to the Stevinson Bridge), the
opposite is true, a higher number of sites occurring along the southern
bank.

The survey has been used as part of the basis for review of the San Joaquin
Basin Plan (5C).

Water Use on the Stanislaus River Downstream of Highway 99

A field and aerial survey was made of water diversion points along a 16-mile
reach of the Stanislaus River from the Highway 99 Bridge to the San Joaquin
River. The survey was conducted similar to the one conducted on the main
stem of the San Joaquin River (see Section 1.2.1.4.1.1). A final report on
this survey has been prepared by the Central Valley Regional Board (46,

The report shows that:

a. The 16-mile section has 16 points of water diversion for beneficial use.

b. The greatest density of diversion points occurs in the lower section of
the River (mile 0-8). The majority of diversions from the River occur
within miles 4-7 and 9-11.

c. The number of diversion points are equally divided between the northern
and southern banks of the River.

d. Beneficial use of the diverted water is irrigated agriculture.

The survey has been used as part of the basis for review of the San Joaquin
Basin Plan (5C).

Water Use on Mud Slough (north)

A field and aerial survey was made of water diversion points and their
beneficial use along Mud Slough (north) from its origin to the San Joaquin
River. The survey was conducted similar to the one conducted on the main
stem of the San Joaquin River (see Section 1.2.1.4.1.1). Mud Slough (north)
has only two diversions. Both diversions are by gun clubs and the water is
now used for pasture irrigation and on some field crops. Prior to 1985, the
water was used to maintain seasonal wetlands. Because of the limited water
use, the report on this activity was included in the report on discharge
points into Mud Slough (see Section 1.2.1.4.3.6). A report was prepared by
the Central Valley Regional Board ¢“7), :

Results from this survey have been used as part of the basis for review of
the San Joaquin Basin Plan (5C).

Water Use on Salt Slough
A field and aerial survey was made of water diversion points and their

beneficial use along Salt Slough from its origin to the San Joaquin River.
The survey was conducted similar to the one conducted on the main stem of
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the San Jeaquin River {see Section 1.2.1.4.1.1). Sait Slough current’ has
nine diversions. Of the nine diversions, six are used for irrigaticn of
pasture and stock watering and one is used for irrigation of field crops.
The remaining two diversions are used by the San Luis [iWR for flooding duck
ponds. Because of the limited water use, the report on this activity was
included in the report on discharge points into Salt Slough (see

Section 1.2.1.4.3.7). The results from this survey (8 have been used as
part of the basis for review of the San Joaquin Basin Plan (5C).

Tributaries to Mud Slough (north)

As pa:'t of the process for amending the San Joaquin Basin Plan (5C),
bereficial uses of surface waters within the Basin had to be determined.
Med Stough (north) is a major tributary to the San Joaquin River. In
acdition, the slough serves as a conveyance for subsurface agricultural
drainage from its tributaries to the San Joaquin River. A detailed field
and aerial appraisal of the slough tributaries was conducted to determine
their location, actual use and operation and how these might influence water
quality in Mud Slough {north). The information developed in this program
was uti:ized in establishing beneficial uses for Mud Slough (northg during
the San Joaquin River Basin Plan Amendment process. A final report on the
tributary survey was prepared by the Central V~1ley Regional Board (9,
The report shows that:

a. The slough has four major tributaries: Santa Fe Canal, Los Banos Creek,
Fremont Canal, and Kesterson Ditch. Each of these tributaries has
several tributaries, some of which carry agricultural drainage water.

b. Of the four main tributaries, only Los Banos Creek is not a man-made
earth-1ined canal along its entire length.

c. The tributaries of Mud Slough (north) are a compiex network that is used
for different purposes (sometimes incompatible) throughout the year.

d. The water quality of all these tributaries is highly influenced by
management decisions which result from the manipulation of the water
system in the Grassland Water District. Because the slough's major
tributaries are maintained as man-made or man-altered agricultural
drainage channels, they do not provide the same beneficial uses as Mu~
Slough (north).

Tributaries to Salt Stough

Salt Slough is a major tributary to the San Joaquin River. In addition, the
slough serves as a conveyance for subsurface agricultural drainage from its
tributaries to the San Joaquin River. A detailed field and aerial appraisal
of the slough tributaries was conducted to determine their location, actual
use and operation and how these might influence water quality in Sait
Stough.

The information developed in this program was utilized in establishing
beneficial uses for Salt Slough during the San Joaquin River Basin Plan
Amendment process. A final report on the tributary survey prepared by the
Central Valley Regional Board (59 shows that:
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a. The slough has three major tributaries; Salt Slough Ditch, West Delta
Drain, and Mud Slough (south).

b. Each of these tributaries has several tributaries, some of which carry
agricultural drainage water. The water quality of all these flows is
highly influenced by management decisions which result in manipulation
of the water system in the Grassland Water District.

c. Because of this operation and the large fluctuations in water quality,
the beneficial uses of the tributaries to Salt Slough stand alone and
cannot be considered to be the same as the beneficial uses of the slough
itself.

1.2.1.4.2 - Beneficial Use Assessments (Ground Waters)

The discharge of agricultural drainage water, including that into evaporation
basins and other areas, has raised concern that localized ground water impacts
may be occurring that are affecting designated beneficial uses. Ground water
surveys in three areas have been conducted: the south Grassland area, the
Patterson-Westley area, and the Kesterson Reservoir area. The work on these are
summarized below. Further ground water work in the vicinity of the evaporation
basins will continue as part of the regulatory process for these facilities.

1. South Grassland Area

Agricultural subsurface drainage water from the Panoche Fan area of Fresno
and Merced Counties has been discharged into and through the south Grassland
area for several years. With the finding of elevated trace elements,
especially selenium, in this drainage water, concern has been raised that
impacts to ground water beneficial use, especially drinking water, may be
occurring. A staff ground water survey was conducted which included
locating all existing and abandoned wells in the South Grassland area, field
surveys of all existing and potential uses, water quality background
sampling and comparison of this data to historical data to determine if
major changes have occurred. The report (51) shows that:

a. The beneficial uses of the local ground water include domestic,
irrigation, stock watering, dairy industrial, and recreational use. The
44 wells sampled in this study included domestic and irrigation wells.

b. Ground water quality in the area which received agricultural drainage
water had high levels of salinity, boron, chloride, and molybdenum. The
high levels may be due, in part, to the application of agricultural
drainage water, but are strongly influenced by the natural features of
the area.

c. Natural features of the area which affect ground water quality are an
arid climate, a shallow water table, and fine-textured and poorly-
drained, alkaline soils.

d. High levels of molybdenum are related to the presence of Sierra-Nevada
deposits in the subsurface.
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e. Ground water quality upgradient of the study area is better in terms of
salinity, boron, chloride, and molybdenum but selenium and chromiia
levels are higher.

f. Ground water quality downgradient is similar to that observed within the
study area.

Patterson-Westley Ground Water Investigation

The finding by a USGS reconnaissance study of high selenium levels in
drinking water wells in the Patterson-Westley area of Stanislaus County
raised a concern that tile drainage or other agricultural practices may
rec.it in high levels being discharged to surface water. Staff conducted a
more intensive ground water survey in the area to verify the levels and
pctential sources. The report (32} describes the water quality found in

the Patterson-Westley area and its potential origins. Specific findings
are:

a. Water samples collected from 34 wells confirms the location and
concentrations identified in the 1985 USGS study.

b. Concentrations of selenium exceeding the 10 microg/L EPA drinking water
standard occurred both within and outside "he present subsurface
drainage problem areas.

c. The selenium in the Patterson-Westlay grecund water appears to be the
natural background level and the Moreno and Panoche Formations in the
Coast Ranges directly to the west of the study area are likely sources
of selenium.

d. There is no evidence that present irrigation practices are contributing
to the selenium levels in the Patterscn-Westley ground water.

Kesterson Area Ground Water Survey

In March 1987, the State Board directed the Central Valley Regional Board
(State Board Order No. WQ 87-3) to reconsider the beneficial use
designations for ground water in the vicinity of Kesterson Reservoir in
Merced County. Specifically, the Order asks the Central Valley Regional
Board to "consider establishing beneficial uses which distinguish between
the upper and lower ground water aquifers". The basis for the request was
preliminary evidence submitted by USBR that indicated the upper aquifer was
of marginal quality which did not support current beneficial use
designations, and that the vast majority of ground water users were taking
water only from the better quality lower aquifer. A report (53} has been
prepared by the Central Valley Regional Board and transmitted to the State
Board to meet the requirements of State Board Order No. WQ 87-3. The report
findings are:

a. The ground water aquifer in the Kesterson Reservoir Area is similar to

the remainder of the ground water basin designated in the Basin Plan and
should not be considered separately for beneficial use designations.
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b. The beneficial use designations in the Basin Plan are all existing
beneficial uses within the study area and should not be modified.

C. The designated beneficial uses of the ground water are active uses in
both the upper and lower aguifers in the study area; therefore, the
Central Valley Regional Board should not consider setting separate
beneficial use designations for each aquifer.

d. The beneficial use for waterfow! and aquatic habitat is an existing
beneficial use in the study area and throughout the Basin Plan
designated ground water basin. The Central Valley Regional Board should
consider adding this beneficial use during the Basin Planning update
process but should recognize that, as with other designated uses,
existing water quality does not always meet criteria established for
this use.

e. The quality of water being extracted for beneficial use from the upper
aquifer was found to be of equal or better quality than that used from
the Tower aquifer; therefore, the Central Valley Regional Board should
not consider removing beneficial use designations because of water
quality. The Central Valley Regional Board may want to consider noting
in the Basin Plan that quality occasionally does not meet the
established safe levels but this has not limited beneficial use.

f. Because existing water quality periodically approaches or exceeds
established safe levels in the study area, the Central Valley Regional
Board should maintain a strong regulatory program for ground water
protection in the area to prevent degradation which would limit
beneficial uses.

g. Approximately 30 percent of the wells located in the study area were
abandoned wells. The Central Valley Regional Board should request the
Merced County Health Department to increase its efforts to assess
whether these wells should be properly abandoned and sealed in
accordance with their present wel) ordinance.

1.2.1.4.3 - Discharge Assessment

Several site-specific assessments were conducted to determine the location and
extent of agricultural surface and subsurface drainage water discharges.

Initial efforts for the assessment of agricultural surface discharges has
concentrated on those locations which carry a blend of surface and subsurface
drainage water. Emphasis in this program is on selenium and other trace element
sources. A summary of these activities is presented below.

1. San Joaquin River Discharges

A field and aerial survey was made of all discharge points along the

San Joaquin River from the Mendota Pool to the Mossdale Bridge. In addition
to the segments of the main channel that were surveyed, special surveys were
conducted on Bear Creek, the West Stanislaus Irrigation District Main Intake
Channel, and the Grayson Slough Channel which was formerly the main branch
of the San Joaquin River. A1l of these special surveys were conducted as
significant inflow and outflow points occur on these channels and the main
channels are not monitored as they enter the San Joaquin River. The survey
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included locating all sites and determining the main source of water being
discharged. For the major discharge points from the western side of
Stanislaus County, the approximate area serving each arain discharge point
was determined. The survey information has formed the basis for the

San Joaquin River input-output model developed by the S:ate Board. This
information is also being utilized by the local Resource Conservation
Districts to assess the magnitude of the sediment discharge problem.

A final report on the survey has been prepared (“¥. For discharges, the
report has been prepared in two volumes--the main text and Appendix A. The
main text summarizes information from both the discharge points to the

San Joaquin River as well as the diversions from the River. Appendix A
prc.ides detailed descriptions of each discharge and diversion point. The
report shows that:

a. Flow in the River from Mendota Dam to the Salt Slough inflow (75 River
miles) consists exclusively of irrigation water diversions from the
Mendota Pool and operational spill waters. The River is often dry
beyond points of diversion for irrigation, thus flow, although highly
var“able, is dependent upon irrigation operations and localized seepage.

b. Flow in the River from the Salt Slough inflow to the Merced River (11
River miles) is principally irrigation ret' rn flows from Mud Slough
(north) and Salt Slcugh.

¢. The remainder of the River downstream of the Merced River is influenced
by natural flow from the main east side tributaries and numerous
diversions and discharges.

d. The 150-mile reach of the San Joaguin River surveyed in this study
(Mendota Dam to Mossdale Bridge) has 193 discharge points.

e. The greatest concentration of discharge points occurred from Hills Ferry
Bridge to Vernalis. In this reach, 66 discharge points occurred in the
46 River miles, neariy twice the density found in any other River
section. This is the section of the River immediately downstream of the
subsurface tile drainage entering through Mud Stough (north) and Salt
Slough.

Results from this survey has been used as part of the basis for review of
the San Joaquin Basin Plan (5C) which was amended on December 1988.

Tuolumne River Discharges

A field and aerial survey was made of all discharge points along 16 miles of
the Tuolumne River from the Highway 99 Bridge to the San Joaquin River. The
survey included locating all sites and determining the main source of water
being discharged. A final report () on this survey has been prepared by
the Central Valley Regional Board. The report shows that:

a. Flow in the Tuolumne River within the study area was found to be highly
regulated and strongly influenced by discharges or diversions into the
River.

b. The 16-mile section of the Tuolumne River surveyed in this study
(Highway 99 to routh) has 14 discharge points to the River.

-34-



c. The greatest concentration of discharge points occurs near the mouth of
the River. In this section there are seven discharge points, the most
significant of which is operational spill from Modesto Irrigation
District.

d. The other significant discharge on the River is an operational spill
from Turlock Irrigation District.

The survey has been used as part of the basis for review of the San Joaquin
Basin Plan (5C).

Merced River Discharges

A field and aerial survey was made of all discharge points along a 28-mile
reach of the Merced River from the Cressey Bridge to the San Joaquin River.
The survey included locating all sites and determining the main source of
water being discharged. A final report on this survey has been

prepared (43, The report describes:

a. The 28-mile section of the Merced River surveyed in this study as having
14 discharge points.

b. A1l but four of these are tailwater drains that serve localized small
areas and only flow water when the fields are being irrigated. The
remaining four; Stevinson Water District Drain, Turlock Irrigation
District Faith Home Road Canal Spill, Merced Irrigation District
Garibaldi Lateral Spill, and the Merced Irrigation District Livingston
Canal Spill consist primarily of good quality operational spills from
irrigation district canals. These latter four contribute a significant
flow to the Merced River during the irrigation season.

The survey has been used as part of the basis for review of the San Joaquin
Basin Plan (5C).

Stanislaus River Discharges

A field and aerial survey was made of all discharge points along a 16-mile
reach of the Stanislaus River from the Highway 99 Bridge to the San Joaquin
River. The survey included locating all sites and determining the main
source of water being discharged. A final report on this survey has been
prepared (460, The report shows that:

a. Flow in the Stanislaus River was found to be highly regulated and
strongly influenced by discharges or diversions into the River.

b. The 16-mile section of the Stanislaus River surveyed in this study
(Highway 99 to mouth) has eight discharge points.

c. The greatest concentration of discharge points occurs near the mouth of
the River. The other significant discharge occurs from Modesto
Irrigation District Supply Lateral No. 6 closer to Highway 99.

The survey has been used as part of the basis for review of the San Joaquin
Basin Plan (5C).
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Delta-Mendota Canal Survey

Concern was raised that discharges, including those containing selenium into
the Delta-Mendota Canal downstream of the 0'Neill Forbay, may be affecting
beneficial uses including municipal supply. Central Villey Regional Board
staff investigated the check drains of the Delta-Mendota Canal as potential
sources of selenium to this canal and the Mendota Pool between canal mile
posts 70.00 and 115.57 {0'Meill Forbay and the Mendota Pool). A report on
this initial survey has been prepared ¢3¥. The report shows that:

a. The water being discharged was for the most part agricultural tail
water, however, in some instances subsurface drainage was mixed with the
tail water.

b. A drainage area study was made for each check drain. In some instances,
these drainage areas include subsurface drainage sumps.

c. Nineteen (19) check drains are suspected of receiving subsurface
drainage.

d. Foliow-up monitoring will continue at selected sites as well as ongoing
USBR monitoring.

e. In at least one instance, agricultural chemicals were suspected of being
present.

Because of the close proximity of the irrigatd fields to the Delta-Mendota
Canal, a high potential exists for the check c¢rain discharges to contain
agricultural chemicals. The canal and discharge survey have been expanded
to include areas upstream of the 0'Neill Forbay as several complaints have
been received regarding discharges to these reaches. Initial surveys of the
location and cropping patterns of the drainage basins have been conducted.
This will be followed by on-site discharge monitoring during the 1990
irrigation season. A report on the expanded survey will be prepared after
the 1990 irrigation season.

Mud Slough (North) Discharges

A field and aerial survey was made of all discharge points along Mud Slough
(north) from its origin to the San Joaquin River. The survey was conducti :
similar to the one conducted on the main stem of the San Joaquin River (see
Section 1.2.1.4.3.1). A full report on this survey has been prepared

7, The report shows that:

a. Mud Slough (north) drains the area west of th